Tissue damage and its associated-inflammation act as tumour initiators or propagators. AMP-activated protein kinase (AMPK) is activated by environmental or nutritional stress factors, such as hypoxia, glucose deprivation, and other cell injury factors, to regulate cell energy balance and differentiation. We previously have reported that AMPKα2 deficiency resulted in the energy deprivation in tumour-bearing liver and the enhanced-hepatocyte death. In this study, AMPKα2 knockout mice and the liver metastasis model of colon cancer cells were used to address the role of AMPKα isoforms in tumour inflammation. First, we found that the AMPKα2 deficiency exacerbated the liver injury and recruitment of macrophages. Meanwhile, although compensatory expression of AMPKα1 was not significant after AMPKα2 knockout, AMPKα1 phosphorylation was elevated in remnant liver in AMPKα2 knockout mice, which was positively associated with the enhanced energy deprivation in the AMPKα2 deficient mice. Furthermore, the activated AMPKα1 in macrophage contributed to its polarizing to tumour-associated phenotype. Thus, the enhanced tumour-associated inflammation and activation of AMPKα1 in the AMPKα2 deficient mice may exacerbate the tumour development by affecting the tumour inflammatory microenvironment. Our study suggests that the two isoforms of AMPKα, AMPKα1 and AMPKα2 play different roles in controlling tumour development.
roles, for example, AMPKα2 but not AMPKα1 affects the wholebody energy metabolism and insulin sensitivity. However, there are limited studies focusing on whether AMPKα1 or AMPKα2 in different cells have similar or different functions during tumour development.
The stresses from a tumour, including energy/nutrient competition and inflammation, can result in the death of heathy cells. The insufficient clearance of dead cells by phagocytes can lead to pathological inflammation, 14 which further promote the development of tumour. 15, 16 Our previous study showed that hepatocyte enriches AMPKα2 and liver metastasis results in glucose deprivation and necrosis of liver hepatocytes. 17 AMPKα2 deficiency significantly aggravated the glucose deprivation and necrosis of hepatocytes via increased ROS production. However, the role of AMPK in liver injury and inflammation remains unclear.
Although both tumour-promoting and tumour-antagonizing immune cells are present in the tumour microenvironment, cancer cells prefer to invoke the immune system facilitating the recruitment, activation, and persistence of the tumour-promoting immune cells. 18, 19 The polarization of macrophages is one of the prominent events after leucocyte infiltration into the tumour microenvironment. Macrophages differentiate into tumour-associated macrophages (TAMs), ie, "M2-like" phenotypes, in response to distinct signals such as interleukin-4 (IL-4), IL-10, IL-13 from Th2 cells, regulatory T cells (Tregs) in tumour tissues. 20, 21 Abundant shreds of evidence demonstrate that TAMs are associated with poor prognosis for various types of cancer in both clinics as well as experimental animal tumour models. [22] [23] [24] TAMs are known to facilitate the tumour metastasis, tumour-associated angiogenesis and tumour cell invasion. 16, 25 AMPK in macrophages can be activated with antiinflammatory cytokines, whereas pro-inflammatory stimulus results in the inactivation of AMPK, and AMPK is suggested to promotes macrophage polarization to an M2 functional phenotype. [26] [27] [28] Metabolic shifts, including lower glycolytic rates, increased glucose uptake and glycolysis, have been reported in anti-inflammatory cells, such as M2 macrophages, Tregs, and quiescent memory T cells. 29, 30 Altered metabolism may thus participate in the differentiation of inflammation programmes. We previously reported that AMPKα2 deficiency increased glucose deprivation in tumourbearing liver 17 and glucose deprivation also existed in the large tumour masses. 31 However, it remains unclear whether and how the energy stress in tumour microenvironment contributes to macrophage polarization.
Liver tissue is susceptible for tumour origination or metastasis and is abundant with AMPKα2. Our previous study has shown that the metastasis of colon cancer cells in liver resulted in hepatocyte necrosis through energy deprivation but not only because of the space conflict. 17 In this study, we further exploited the role of 
| Flow cytometry
The composition of inflammatory cells was quantified by flow cytometry as described. 32 Briefly, tumour tissues were cut into multiple small cubes and digested in an enzyme mixture containing collagenase type I (0.05 mg/mL) and type IV (0.05 mg/mL) and hyaluronidase (0.025 mg/mL) and DNase I (0.01 mg/mL), and soybean trypsin inhibi- SDS-PAGE gel. The blot was further probed with the primary antibodies anti-GAPDH (1:1000), anti-AMPKα1(1:1000), anti-AMPKα2
(1:1000), p-AMPKα Thr172, and anti-AMPKα (1:1000) overnight at 4°C
and then fluorescent secondary antibodies (Alexa Fluor 800; Rockland
Immunochemical, Gilbertsville, PA, USA) for 1 h at room temperature.
Protein expression was analysed with the Odyssey infrared imaging system and Odyssey software and normalized to GAPDH expression.
| Quantitative real-time PCR
Total RNA was extracted with Trizol reagent (Invitrogen) according to the manufacturer's protocol and 2 μg was reversed-transcribed using the GoScript Reverse, acagaccgtgggttcttcac.
| Glucose mass spectrometry imaging
As described previously, 31 
| Statistical analysis
The data are expressed as means ± SD. Statistical analyses involved the use of GraphPad Prism v5.00 for Windows (GraphPad Software
Inc., San Diego, CA, USA). Comparisons among more than two groups were analysed by one-way analysis of variance followed by the Student-Newman-Keuls test. P < 0.05 was considered statistically significant.
3 | RESULTS
| Metastasis of colon cancer cells in liver results in greater liver injury and macrophage recruitment
Cell death causes inflammation in cancer. Many previous studies showed that cancer caused liver injury. 33, 34 Our previous results also suggested that colon cancer liver metastasis resulted in liver injury. 17 To confirm whether the liver damage is associated with liver metastasis or tumour alone, we compared the liver injury in mice bearing subcutaneous tumour or mice which have liver metastasis of colon cancer cells. Figure 1A showed the gross pictures of the subcuta- 
| AMPKα2 deficiency exacerbates liver metastasis and liver damage
Previously, we reported that AMPKα2 deficiency significantly increased the liver injury and hepatocyte death. 17 However, those QIU ET AL.
| 1689 results were obtained under the conditions that different numbers of SL4 cells were injected into the spleen of WT or AMPKα2 −/− mice, resulting similar gross weight of tumour-bearing liver to avoid the interference of tumour size, because larger tumour size also leads to more liver damage. 17 In this study, we injected the same number of SL4 cells into the spleen of WT or AMPKα2 −/− mice to investigate the roles of AMPKα2 in liver damage and tumour-associated inflammation.
First, our results showed that the deficiency of AMPKα2 increased the tumour size, which was confirmed by the bioluminescence imaging (Figure 2A, B) and the gross weight of tumour-bearing liver ( Figure 2C, D) . The increased blood ALT and AST levels also indicated that AMPKα2 −/− mice had more severe liver damage ( Figure 2E, F) . 
| AMPKα2 deficiency exacerbates the differentiation of M2 macrophages
Our previous results showed that AMPKα2 deficiency enhanced the glucose deprivation in liver. 17 AMPK is the sensor of energy deprivation. 37 It was unexpected to observe that the total AMPKα phosphorylation level was higher in AMPKα2 −/− liver than in that of WT liver ( Figure 5A ), even though there was only AMPKα1 and the total AMPKα was decreased in the liver of AMPKα2 −/− mice ( Figure 5B ).
And the expression of AMPKα1 did not show a difference between control and AMPKα2 −/− liver tissues ( Figure 5B ). It is well-established that AMPKα1 but not AMPKα2 is highly expressed in macrophages, and the enhanced activation of AMPKα1 in macrophages increases the differentiation into the anti-inflammatory M2 type, 26 ,28 which will promote the tumour progression. 38 It was obvious that there were many resident Kupffer macrophage cells in the a liver and the macrophages from blood were recruited into tumour areas ( Figure 4C ). Thus, we used mass spectrometry imaging to check the glucose deprivation in both liver and tumour of WT and AMPKα2 −/− mouse. Our results
showed that AMPKα2 −/− liver had a more serious deprivation of and enhanced expression of M2 macrophages-associated cytokines ( Figure 5G-I) . Furthermore, the proliferation of tumour cells (Figure 5J ), abnormal angiogenesis ( Figure 5K ) and TGFβ expression (Figure 5L) , were all increased in the big tumour of AMPKα2 −/− mice, which corresponds to the anti-inflammatory tumour environment.
| DISCUSSION
The liver is the key organ controlling energy metabolism balance and acts as the most common organ for cancer metastasis. Many cancers, especially colorectal cancer, can metastasize to liver tissues, and liver metastasis is the major cause of cancer mortality. 33, [39] [40] [41] Clinical investigations show that colorectal liver metastasis causes liver injury, especially at the advanced stage. Meanwhile, liver metastasis of colorectal cancer results in the increased inflammation which is related with patients' quality of life and mortality. 42, 43 Liver resection is one of the options after liver metastasis, 44, 45 Liver injury leads to inflammation, whereas inflammation further promotes liver injury. 14 The inflammation acts as a propagator for tumour (reviews as 15, 48 ). In this study, we focused on the molecular mechanism of liver injury and inflammation. We used a subcuta- lymphopenia have an increased risk of severe toxicity after administration of cytotoxic chemotherapy and CD4 lymphopenia can indicate the worse immune condition and identify the end-of-life metastatic in cancer patients. 36 Thus, AMPKα2 deficient mice may exhibit the worse immune conditions, compared to the control mice.
Inflammation has recently been considered a hallmark of cancer and plays an important role in tumour initiation and progression. 15, 25, 49 Tumour will recruit leucocytes and the polarization is one of the prominent events after leucocyte infiltration. In the tumour microenvi- play different roles in the same disease conditions although they seem to be activated by the same stimuli. 50 Our previous results
showed that AMPKα2 deficiency exacerbates the energy deprivation in AMPKα2 −/− tumour-bearing liver. 17 And we also reported that the glucose starvation in tumours is related with the tumour size and location. The glucose level was decreased significantly in the big tumour massed but not in the small tumour foci. And a glucose gradient was observed in large tumour, which implied a glucose competition between the tumour and liver remnant. 31 Furthermore, AMPK is activated by energy stress. 37 It was not surprising that we 
